The condition for thermodynamic stability of metal carbides, nitrides and oxides in Al-M-X system (M=Si, Ti, Zr and X=C, N, O) was modeled. ZrC, A1N, and 
I. INTRODUCTION
processing, and service. At room temperature, the rate of the reaction at the matrix-reinforcement interface is usually negligible due to the kinetic limitation even though the reinforcement is not thermodynamically stable and the reaction is feasible at the interface.
However, in some extreme services, DRACs may experience high temperature near or above the melting point of the matrix components. The processing of DRACs is usually carried out at even higher temperature. In these cases, the matrix alloy may be in a molten state in whole or at localized sites. The 
II. BASIS OF THERMODYNAMIC MODELING
Gibbs energy minimization method states that the total Gibbs energy of a system reaches its minimum value at equilibrium. The total Gibbs energy of a system, G, is equal to the sum of the Gibbs energies of all the phases in the system given by /17/:
where n h P b x, and γ, are the number of moles, partial pressure in atm, concentration (molar fraction), and activity coefficient of the species i respectively, g" is the standard molar Gibbs energy of the species i (in Joule) at standard condition, R is the gas constant (= 8.314 Jmor l fC l ), and Τ is the absolute temperature (in Kelvin).
For a given reactive system such as:
the change in the Gibbs energy of the system, AG, can be expressed as:
where a, is the activity of species i; and ΔG° is the standard Gibbs energy change of the reaction in Joule.
When AG is negative, the reaction proceeds toward the right and the products are stable. When AG is positive, the reaction proceeds toward the left and the reactants are stable. When ΔG = 0, the system is in equilibrium.
Based on these principles, the equilibrium composition of a given system can be calculated and the condition for stability of the reinforcement can be determined.
Since processing of DRACs is normally carried out at temperatures below 1600 K, the temperature range of 
High Temperature Materials and Processes lTiC(s) + \3Al{l) = 3TiAl 2 (s) + Al,C,{s)
When the concentration of titanium in the Al-Ti melt (x Ti ) is below its saturation concentration ), the reaction shown in equation (4) is predominant; or the reaction given by equation (5) is predominant. When the Gibbs energy changes of the reactions, Δ6' 4 and AG 5 , are positive, they tend to proceed toward the left and TiC is stable. Thus, the conditions for stability of TiC in the Ti-unsaturated and Ti-saturated Al-Ti melts are given respectively by:
where AG 4° and AG'l are the standard Gibbs energy changes of the two reactions, which are given respectively by:
γ Al and y Tj are the activity coefficients of aluminum and titanium in the Al-Ti melt, the data of which are still very limited in the literature. In this investigation, since the Al-rich end alloy is of our interest, the concentration of titanium is very low in the melt. Therefore, the ideal solution approximation is assumed, that is,
Based on equations (6) 
B. Zirconium Carbide (ZrC)
Similar to the Al-Ti system, aluminum and zirconium also form very complicated phase diagram.
The intermetallic phases such as ZrAI 3 
where the reaction shown in equation (10) 
Due to the lack of activity data in the system and since the concentration of zirconium is very low in the Al-Zr alloys of interest, the Al-Zr melt is assumed to be ideal. 
The standard Gibbs energy change of the reaction given by equation (11) AH", sL·, (16) considering the concentration of zirconium represented by the line 1 is extremely small, even lower than that in the known pure aluminum, ZrC can be thought to be stable as well.
C. Aluminum Nitride (A1N)
A1N is stable in pure aluminum melt. The 
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the Al-Si melt by the reactions:
Si,Ν 4 (s) + 4AI{1) = 4 AlN(s) + 3 Si(s)
At the concentrations of silicon (x v/ ) below its saturation limit (xl), the reaction shown in equation (20) At temperature higher than 1423 K, y At is approximated to unity.
When silicon is saturated, the reaction shown in equation (21) is predominant. The stability of Si 3 N 4 requires the Gibbs energy change of the reaction (ΔG 21 ) to be positive, that is:
where the standard Gibbs energy change of the reaction, AG 2 ,, is:
AG". = -575860+ 141.8Γ (26) Temperature, Κ the Al-Si melt should be within its saturation limit, the line 1 is supposed to be below the line 2. As shown in Fig. 3 , however, the line 1 is above the line 2, implying that equation (22) is not satisfied. Thus, Si 3 N 4 is not stable and can react with molten aluminum to form stable AIN. When silicon is saturated in the Al-Si melt, the reaction shown in equation (21) is dominant and equation (25) is effective. Since equation (25) 
E. Titanium Nitride (TiN)
Depending on the concentration of titanium in the Al-Ti melt, the reactions between TiN and molten
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aluminum are given by:
The reaction shown in equation (27) is predominant when the concentration of titanium (x Tl ) is below its saturation value (x° ). In this case, TiN is stable when the Gibbs energy change of this reaction is positive, that is:
where the standard Gibbs energy change of the reaction given by equations (27) ( AGJ 7 ) is described by:
When titanium is saturated in the Al-Ti melt, the reaction given by equation (28) is predominant and the condition for stability of TiN is given by:
where AG'^ is the standard Gibbs energy change of this reaction, given by:
As discussed for the case of stability of TiC, the Al- 
F. Zirconium Nitride (ZrN)
In the Al-Zr melt, the following reactions may take place between ZrN and molten aluminum:
The reaction shown in equation (33) is predominant at the concentration of zirconium (x Zr ) below its saturation limit {x" 7j .). In this case, the condition for stability of ZrN in the Al-Zr melt is expressed as:
where γ =1 since the Al-Zr melt can be
'At Zr
assumed to be ideal as discussed for the case of stability of ZrC and the standard Gibbs energy change
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When zirconium is saturated in the melt, the reaction given by equation (34) is predominant. In this case, the condition for stability of ZrN is given by:
where the standard Gibbs energy change of the reaction (ΔG 3 ' 4 ) could be estimated using the same method as for AG ι, and is expressed as:
" _ i62282 + 10.7ir at 933.6 < Γ < 1136ΛΓ 34 ~ [63918 + 9.20Γ at 1136*" < Τ < 1673* 
H. Silicon Oxide (Si0 2 )
In pure aluminum and the Al-Si melt, Si0 2 may react with molten aluminum through the reactions given by:
When the concentration of silicon is unsaturated in the melt, the condition for stability of Si0 2 is given by:
where AG 3 ', is the standard Gibbs energy change of the reaction, given by:
AGj' 9 =-525320 + 56.4Γ
When silicon is saturated, the reaction given by equation (39) is predominant. In this case, stability of Temperature, Κ 
I. Zirconium Oxide (Zr0 2 )
The condition for stability of Zr0 2 in the Al-Zr melt can be modeled based on the reactions given by:
When the concentration of zirconium {x Zr ) is below its saturation concentration (x" 7r ), the condition for stability ofZr0 2 is given by:
where the standard Gibbs energy change of the reaction given by equation (45) 
